Abstract. We report the latest results of azimuthal asymmetries in the DVCS process measured at the HERMES experiment on unpolarized hydrogen and deuterium targets. Exploiting the ability of HERA to provide lepton beams with both charges and spin orientations, it is possible to extract simultaneously asymmetry amplitudes attributed to the pure DVCS process and to the interference between the Bethe-Heitler and DVCS processes. The results are compared to the theoretical calculations.
INTRODUCTION
Recent interest in hard exclusive processes has its origin in the theoretical description of the Deeply-Virtual Compton Scattering (DVCS) process in terms of the Generalized Parton Distribution (GPD) formalism [1, 2] . The GPD formalism incorporates the well-known nucleon Form Factors (FFs) and parton momentum distributions functions (PDFs) in a 3-dimensional picture of the nucleon. Interest in the GPD framework has also been intensified by the fact that the unknown total angular momentum components of the quarks and gluons are encoded in the GPDs [3] .
DVCS MEASUREMENT AT HERMES
One of the theoretically cleanest channels to probe GPDs is DVCS in which a single real photon is produced in the final state along with the recoiling nucleon (nucleus) intact. Measurement of the DVCS process is intrinsically mixed with that of the Bethe-Heitler (BH) process in which a real photon is radiated by the lepton rather than the quark. The cross section for the leptoproduction of real photons is therefore proportional to the square of the sum of the amplitudes [4] 
where −Q 2 represents the virtual photon four-momentum squared, y the fraction of the incident lepton energy carried by the virtual photon in the target rest frame, t the Mandelstam variable, x A is related to the Bjorken scaling variable and ε ≡ 2x A M A /Q.
The azimuthal angle φ is defined as the angle between the lepton scattering plane and the photon production plane spanned by the virtual and real photons. The cross section for a longitudinally polarized lepton beam scattered off an unpolarized proton/deuteron target can be given by
where e l and P l are the lepton beam charge and polarization. The beam spin asymmetries (BSA) A DVCS LU and A I LU are related to certain Compton Form Factors in a Fourier series of expansion in φ [5] of the pure DVCS squared and interference term, respectively. The beam charge asymmetry (BCA) A C is related only to the even Fourier harmonics of the interference term. The various amplitudes of these asymmetries have been extracted simultaneously using combined data taken with both charges and spin orientations of the beam. The following functional expansion for these asymmetries has been used in a Maximum Likelihood method fit, which is described in details in Ref. [6] ,
In order to extract these asymmetries from the data, events were selected when they contained one photon and one scattered lepton track. Photons were identified by the energy deposition in the calorimeter and preshower counter in the absence of a track. The requirements imposed on the lepton kinematics were Q 2 > 1 GeV 2 and W > 3 GeV. The opening angle Θ γ * γ between the virtual and real photon was limited to a range of 5 to 45 mrad. Since the recoiling nucleon (or nucleus) was not detected, the exclusive DVCS events were selected imposing an additional constraint on the missing mass M x . The exclusive region was defined as −1.5 < M x < 1.7 GeV (negative M x values are obtained as a consequence of the finite energy resolution of the spectrometer).
RESULTS
The results of certain asymmetry amplitudes from Eq. 3 are shown in Figs. 1 and 2 as a function of −t, x B and Q 2 in four bins as well as for the 'overall' kinematics (left column). The errors bars (bands) represent the statistical (systematic) uncertainties. The systematic uncertainties include the contributions from the effects of acceptance, smearing, bin width and the alignment of the detectors with respect to the beam direction and are estimated from a Monte Carlo simulation. The last rows on these figures show the fractions of coherent and associated (nucleon excites to resonances in the final states) processes. The latter remains the part of the signal, while the results have been corrected for the semi-inclusive background. The two hatched bands in these figures are the theoretical predictions, based on a model, developed in Refs. [7, 8] , and carried out with 'factorized' and 'Regge' ansätzs for modeling GPDs.
A sizable magnitude of first cosine and sine amplitudes have been found for the BCA and BSA (A sin φ LU,I ), respectively. The higher amplitudes which are related to the twist-three term and gluonic GPDs are compatible with zero. for the hard exclusive electroproduction of photons from deuterium target at the HERMES experiment. See text for details. Figures 3 and 4 show the comparison of BCA and BSA (related only to the interference term) amplitudes, respectively, extracted from the deuterium and hydrogen data at HERMES. The deuteron and proton results appear to be consistent in most kinematic regions. For both targets, the BCA amplitudes become sizable only at higher values of −t. The effects from the coherent scattering on the deuteron could be expected in the first −t bin, but are not apparent. The difference in BCA amplitudes A cos φ C at large −t values can be explained by the contribution from incoherent scattering on the neutron inside the deuteron. The BSA A sin(nφ ) LU,DVCS amplitudes are found to be compatible with zero (not shown here). for the hard exclusive electroproduction of photons from hydrogen and deuterium targets.
